Rationale & Objective: Dialysis is a burdensome and complex treatment for which many recipients require support from caregivers. The impact of caring for people dependent on dialysis on the quality of life of the caregivers has been incompletely characterized.
Results: 61 studies were identified that included 5,367 caregivers from 21 countries and assessed the impact on caregivers using 70 different scales. Most (85%) studies were cross-sectional. The largest identified group of caregivers was female spouses who cared for recipients of facility-based hemodialysis (72.3%) or peritoneal dialysis (20.6%). Caregiver quality of life was poorer than in the general population, mostly comparable with caregivers of people with other chronic diseases, and often better than experienced by the dialysis patients cared for. Caregiver quality of life was comparable across dialysis modalities.
Limitations: Heterogeneity in study design and outcome measures made comparisons between studies difficult and precluded quantitative metaanalysis. Study quality was generally poor.
Conclusions: Quality of life of caregivers of dialysis recipients is poorer than in the general population and comparable to that of caregivers of individuals with other chronic diseases. The impact of caring for recipients of home hemodialysis or changes in the impact of caring over time have not been well studied. Further research is needed to optimally inform dialysis programs how to educate and support caregivers. C aregivers and partners play an integral role in the management of many chronic diseases. [1] [2] [3] [4] [5] In the United States, there are an estimated 14.7 million family and unpaid caregivers for people living in the community with disabilities and an estimated 78% of caregivers incur out-of-pocket expenses averaging US $6,954 annually. 6 Dialysis for the management of kidney failure represents perhaps one of the more burdensome ongoing medical interventions, encompassing mental, physical, financial, and social demands. The adverse impact of kidney failure on patient quality of life (QoL) is widely acknowledged. [7] [8] [9] [10] [11] The potential impact of caring for people with kidney failure treated by dialysis on the QoL of the caregivers is less often discussed.
The prevalence of dialysis dependence is increasing, with the greatest growth among the elderly, who typically have increased comorbid conditions and potentially greater care needs. [12] [13] [14] [15] [16] The older age among dialysis recipients is often associated with advancing age among caregivers, who are often lifetime partners. 17, 18 Although most dialysis therapy is administered in facilities by professional health staff, a substantial minority of recipients undertake dialysis therapy at home. There is some evidence that home dialysis therapy, either as peritoneal dialysis (PD) or home hemodialysis (HD), is associated with improved QoL for recipients. 19, 20 However, improved health outcomes for recipients and lower costs for providers may risk medicalizing the home and imposing increased responsibility on caregivers. 19, 20 Our primary aim was to systematically review studies that quantitatively evaluated caregiver QoL and burden of caregiving for adult dialysis recipients. Secondary aims included demographic profiling of caregivers, details of measurement scales used by investigators, and comparing QoL of caregivers of dialysis recipients with other caregivers, the general population, and the dialysis recipients themselves. Last, we compared QoL of caregivers of people undergoing different dialysis modalities.
Methods

Search Strategy and Inclusion Criteria
A prespecified search strategy (Item S1) was used to identify studies published before January 1, 2017, that reported the burden or QoL of caregivers of dialysis (facility HD, home HD, or PD) patients. Electronic databases including The Cochrane Library, Embase, PsycINFO, CINAHL, PubMed, and MEDLINE were systematically searched with an English language restriction. Unpublished studies were identified, when possible, by abstracts of conference proceedings, as well as reference lists of relevant studies and review articles.
Two investigators independently evaluated the title and abstract of each study identified from the search for potential inclusion. Any citations without electronically available abstracts were discarded unless the title was convincing of the study's relevance. When there was disagreement between the 2 reviewers, a third investigator adjudicated. A second round of title and abstract review was undertaken to select only quantitative studies involving caregivers of adult patients.
Inclusion criteria limited the systematic review to original investigations, with review articles and commentaries excluded. Other excluded studies used qualitative measures to assess QoL. Studies with >50% of participants being caregivers for non-dialysis-dependent patients (patients with earlier stages of chronic kidney disease, kidney transplant recipients, or patients with other chronic diseases) were also excluded. Caregivers of pediatric dialysis patients were excluded because the issues for children were considered unique.
Full-text articles of each manuscript considered for inclusion based on title and abstract were reviewed independently by 2 investigators. If there was disagreement about whether a study should be included, a third reviewer adjudicated.
Data Extraction and Trial Quality Assessment
A prespecified data extraction instrument was used to collect data from identified studies. Data extraction was completed independently by 2 reviewers with disagreements resolved by consensus. When more than 1 publication of one study existed, reports were grouped together to include the most complete data.
Specific data collected included study design, country, recruitment era, sample size, and dialysis modality. Caregiver data collected included age, sex, relationship to patient, time spent caregiving, education level, and employment status. The scales used to measure various aspects of QoL and/or burden were documented. Comparator groups or any interventions used were noted.
Study quality and risk of bias were assessed using the Newcastle-Ottawa scale, 21 which has been validated for use in both case-control and cohort studies. 22, 23 Two authors independently assessed each study for risk of bias using a modified scale including sample representativeness; sample size; comparability with nonrespondents; ascertainment of QoL, burden, or depression; and quality of descriptive statistics reporting (Item S2). Studies were judged low (≥3 points) or high (<3 points) risk of bias.
Continuous data were analyzed using mean differences and their 95% confidence intervals, and dichotomous data were expressed as relative risk and 95% confidence interval. When possible, meta-analysis using a random-effects model was planned using the DerSimonian-Laird approach with sensitivity analysis using the method of residual maximum likelihood. All statistical analyses were conducted using Review Manager (RevMan), version 5.3 Copenhagen (The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) and R, version 3.5.1. P < 0.05 was considered to be significant.
Results
Literature Search and Study Characteristics
The search strategy yielded 1,072 articles, of which 86 underwent full-text review (Fig 1) . Another 25 were excluded, leaving 61 papers meeting the inclusion/ exclusion criteria (Tables 1 and S1 ). There were 17 studies published before 2000 [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] and 44 from 2000 to December 2016. 17, Fifty-two studies were cross-sectional and 9 studies reporting 897 caregivers were longitudinal. 39, 40, 49, 59, 67, 68, 70, 74, 76 Eight longitudinal studies were prospective cohort studies, with follow-up ranging from 3 months to 2 years. 40, 49, 59, 67, 68, 70, 74, 76 The remaining longitudinal study reported 60 caregivers included in a quasi-randomized controlled trial design. 39 One of the cohort studies collected data pre-and posttransplantation for 67 caregivers. 68 Four studies reporting 221 caregivers collected data before and after an intervention for caregivers and/or patients. 39, 59, 70, 80 The modified Newcastle-Ottawa Scale revealed that 85% of studies were at high risk of bias (Table S2) . Only 3 studies enrolled more than 200 participants, 41, 57, 67 whereas 2 studies had more than 200 participants but included data previously reported. 43, 76 There were frequent methodological flaws in sample representativeness, comparability between respondents and nonrespondents, and poorquality descriptive statistics. Twenty-seven studies used infrequently used measurement scales, as defined in Item S2. Figure 1 . Literature search.
Original Investigation
Study Settings
The 61 studies included 5,367 caregivers from 21 countries (Fig 2) , most commonly the United States (22% of caregivers, 17 studies) and a single French study (18.4% of caregivers). 57 Thirty-three studies included multiple centers, and only 1 study was multinational in design. 76 
Caregiver Definition
Few studies provided a definition of a caregiver. When reported, definitions were not comparable and included "the person mainly responsible for looking after the patient during the course of the disease and most closely involved in caring for the patient" as identified by the patient, 44(p806) "family member caregiver," 46(p519) "dialysis partner," 47(p179) the "person who principally cared for the patient outside the hospital, regardless of family relationship," 64(p333) "the person they could depend on to assist them if they could no longer care for themselves" as identified by the patient, 52 (p386) "a key member of the care-providing team who is expected to be an ever-present source of psychological as well as material support," 57(p1670) "dialysis helper," 28(p16) and an individual who played "a significant role in the dialysis process and in caring for the patient." 58(p314) Caregiver Demographics Table 1 summarizes clinical and demographic characteristics in all 61 studies. Study sample size ranged from 3 to 988 caregivers. The mean age of caregivers ranged from 31.5 to 67.9 years. When reported, the majority of caregivers were female (70.8%; range, 31%-100%). Education level was reported in 26 studies with 1,766 participants, with 15.6% (range, 11.1%-63.1%) reaching tertiary-level education and 12.6% (range, 1.4%-50.8%) illiterate. Employment status was reported in 23 studies with 2,754 participants, with 34.5% (range, 9.8%-88.3%) employed in an occupation outside of their caregiving role. Only 7 studies (13.9% of total participants) reported the mean hours of caregiving, which ranged from 26 to 69 hours per week.
Dialysis Modality
Fifty-seven studies reported dialysis modality in 5,166 (96.3%) patients. Of these, 3,734 (72.3%) were managed with facility HD; 1,066 (20.6%), with PD; and 366 (7.1%), with home HD. Table 2 shows caregivers' age, sex, and relationship to patient by dialysis modality.
Measurement Scales
A total of 70 different quantitative measurement scales were used to assess QoL and caregiver burden (Table S3 ). The most frequently used scales were the Zarit Burden Interview (ZBI; 1,316 caregivers in 13 studies), the Medical Outcomes Study 36-Item Short Form Survey (SF-36; 835 caregivers in 8 studies), the Center for Epidemiologic Studies Depression Scale (CES-D; 781 caregivers in 7 studies), and the Beck Depression Inventory (BDI; 606 caregivers in 9 studies). Figure 3 shows numbers of caregivers assessed using the most commonly used measurement scales. The 70 measurement scales used in the studies can be categorized into outcome domains (Table S4 ). The most frequently studied domain was mental health, including depression, anxiety, and psychological distress.
QoL/Burden Data
When compared with population norms for the SF-36 and accepted thresholds for the ZBI, CES-D, and BDI, caregivers generally experience significant burden and have poorer QoL, but rates of depression are not elevated (Fig 4) . However, studies that reported only categorical results (not included in Fig 4) found depression rates of 34.7% to 55% among caregivers. 45, 52, 56, 64 Less frequently used scales reported significant impairment of QoL. 55, 57, 74 Dyadic adjustment scale scores 25, 48, 53, 67 were consistent with poor marital adjustment, although there were no data for divorce rates. One study reported higher rates of marital dissatisfaction and distress among caregivers than in a control population. 31 Pittsburgh Sleep Quality Index scores 46,69 reflected poor sleep. Longitudinal studies had varied outcomes, with one showing no change in QoL over time 49 while others showed a decline in psychosocial adjustment, 39 increasing burden, 74, 76 poorer marital adjustment, 67 and worsening QoL. 74 
Caregivers' QoL Compared With a Control Group or General Population
Thirteen studies compared caregiver results with a control group or general population norms. Three of the studies used the SF-36 and showed poorer QoL in caregivers when compared with a control group or the country 32, 39, 68, 78 in caregivers compared with either a control group or the broader community norm.
Caregiver Compared With Dialysis Patient QoL
Twenty-five studies compared caregiver QoL with that of dialysis patients. Figure 5 shows forest plots (using the DerSimonian-Laird approach) comparing caregivers with the dialysis patients they care for as measured with the BDI and SF-36 physical and mental component score. Comparable results were found in the sensitivity analysis using the method of residual maximum likelihood. Nine studies suggested that caregivers were less depressed and had better QoL than the dialysis patients. 17, 43, 44, 46, 48, 49, 53, 61, 71 The remaining studies used various measurement scales showing either similar or better QoL or less depression in caregivers compared with patients. [25] [26] [27] 29, 34, 38, 40, 42, 47, 50, [65] [66] [67] [68] 73, 78 A single study reported sleep duration and quality as inferior to that of patients in a group of 142 caregivers of facility HD patients. 46 
Impact of Dialysis Modality on Caregivers
Seventeen studies reported data for caregivers of patients from more than 1 dialysis modality, 26, 29, 33, 36, 41, 43, 51, 54, 55, 58, 64, 68, 70, 75, 76, 81, 83 of which most only reported combined results, making comparison impossible. 26, 29, 36, 51, 54, 55, 58, 68, 70, 75 Two studies reported on the ZBI and found no difference in caregiver burden between HD or PD. The SF-36 was reported by 2 studies, 41, 43 with no difference found between HD and PD caregivers for physical component score. The mental component score was worse for PD caregivers in the smaller study, 43 but comparable in the larger study. 41 A small study from Turkey reported greater somatization and depression among caregivers of facility HD compared with PD patients. 64 The burden on caregivers of assisted PD patients compared with self-care PD patients in Singapore has been reported as equivalent. 82 The Frequent Hemodialysis Network (FHN) Study showed no difference for caregivers of frequent in-center HD patients, but a nominally increased burden for caregivers of home nocturnal HD when compared with caregivers of standard facility HD patients, although this difference was not statistically significant. 76 However, a study of caregivers of nocturnal home HD patients reported a low BDI score of 4.1 ± 5.7 (75% of caregivers had no depression), but there was no comparator group. 61 
Dialysis Caregivers Compared With Other Caregivers
Seven studies compared QoL of dialysis caregivers with that of other caregivers. 36, [55] [56] [57] 69, 75, 79 Four studies showed poorer outcomes for dialysis caregivers compared with caregivers of renal transplant recipients. 55, 57, 69, 79 However, transplant recipient caregivers were younger than dialysis caregivers 55 or the patients cared for were not described, 69, 79 leading to probable bias. A large French study reported better QoL for caregivers of transplant recipients compared with caregivers of dialysis patients awaiting transplantation. 57 One study showed no difference in 76 dialysis caregivers' QoL compared with caregivers of non-dialysis-dependent patients with chronic kidney disease, although the authors suggested possible sampling bias. 36 Other studies showed no difference in rates of depression in dialysis caregivers compared with caregivers of the frail elderly, 56 but increased burden compared with caregivers of oncology patients. 75 
Discussion
This systematic review has found that caregiver QoL and burden is worse than in the general population and comparable to caregivers of patients with other chronic diseases. Depression is less common than among the cared for dialysis patients and comparable or slightly greater than for the general population. Furthermore, the impact on caregiving for facility HD patients is similar to that of PD patients. QoL is better for caregivers of transplant recipients than dialysis patients.
Despite the breadth of research to date investigating the QoL and burden of dialysis caregivers, a systematic review of the literature is difficult due to the heterogeneity of studies. We found a total of 70 quantitative measurement scales used to assess caregivers across 61 studies, suggesting no consensus among researchers regarding which scales are ideal. Some scales were adapted to suit the study setting or sample, potentially affecting their validity. 44, 46, 70 Furthermore, caregivers have been studied from various countries and cultures, and it is possible that some scales were not validated in these populations. Numerous studies used multiple scales to measure impact on caregivers, further suggesting a lack of consensus regarding the ideal scales to use. Although the most commonly used scales were the SF-36, ZBI, CES-D, and BDI, recommending a preferred measurement scale is difficult. A preferred scale would be simple, brief, and validated across countries and languages and allow comparison with other caregiver and general populations. It is also important that it detects some of the unique issues of caregivers of patients on different dialysis modalities. We suggest a role for qualitative studies and an approach such as used by the SONG (Standardized Outcomes in Nephrology) HD initiative 84 to determine and possibly develop the best scales.
Overall, this review suggests that QoL of caregivers of dialysis patients may not be as poor as some qualitative research suggests. [85] [86] [87] However, the scales used may not assess QoL, human emotion, mental state, and relationships, as well as qualitative research. Furthermore, the included studies often do not report the severity of illness of the dialysis patients and the associated caregiving demands.
QoL of dialysis patients undertaking home HD and PD has been reported to be comparable or better 19, 20 than for patients undertaking facility HD. 88 This review has found that the burden and QoL of caregivers is comparable between HD and PD. This finding may be confounded by self-selection of people undertaking home dialysis who tend to be younger and may need less caregiver support. Furthermore, the number of caregivers of home HD patients studied is relatively small. Further work is needed to adjust for differences in patient profiles of home dialysis therapies (especially home HD) and facility HD and the assistance they require from caregivers to allow valid comparison.
Secondary outcome data of this systematic review served to build the profile of a dialysis caregiver. This group is dominated by female spouses of often older male patients. Although female sex and younger age are thought to be risk factors for higher levels of burden, the spousal relationship may be protective. 70 A lower education level is also protective, but a significant rate of illiteracy in this systematic review was surprising given the importance and complexity of the caregiving role in maintenance dialysis. When reported, one-third of caregivers were employed, but results from included studies did not allow for comparison of QoL between employed and unemployed caregivers. One study suggests that employment outside the caregiving role may be protective against depression. 71 Caregivers with more health problems have been reported to experience greater burden. 70 Few studies trialled an intervention to reduce caregiver burden or improve QoL. A previous systematic review found just 3 studies, which all showed that an education intervention led to improved knowledge of caregivers, but no other outcomes were measured. 89 Among studies in this systematic review, an education program reduced burden, 70 a continuous care model improved perceived QoL, 59 and supportive and cognitive behavioral therapy aided maintenance of psychosocial adjustment over time. 39 These studies are small and require replication, and further work is needed, perhaps by qualitative interviews, to identify which supports are needed and have the greatest impact.
This systematic review has a number of limitations. Despite using quantitative measures of QoL, many studies only reported data graphically or categorically, which limited our ability to examine the data further. Studies did not report data to allow assessment of the caregiver role and the impact of caregiver age, marital and employment status, or dialysis vintage on caregiver burden and QoL. Overall study quality was generally poor and there is a high likelihood of recruitment or participation bias. Refusal to participate by the most affected patients is an inherent problem with studies that may include those with depression, anxiety, distress, or significant burden. 29 The limitation to English publications may reduce data available from some cultures or ethnic backgrounds that will not have been included. Caregivers of pediatric dialysis recipients were excluded from this analysis and our findings may not be applicable to this population.
Relatively few studies in this systematic review were longitudinal in nature or trialled an intervention. These issues must be addressed in future research. Does the caregiver's QoL reflect the severity of illness and QoL of the dialysis patient or the duration and demands of caregiving? There is also a relative paucity of data surrounding home HD caregivers in comparison to facility HD. Another important area lacking data is the effect of increasing HD frequency or extending HD hours, including at night. Patients enrolled in the FHN trials perceived caregiver burden to be high, but the caregivers themselves did not participate in the study. 90 The enthusiasm for home HD among some nephrologists, as well as opportunities for novel regimens, highlights a need to explore the impact on caregivers.
In conclusion, caregivers have an important role in the management of people undergoing dialysis. This review demonstrates that caregiver QoL is adversely affected compared with the general population and comparable to other chronic disease caregivers. Suggestions that home-based therapies strain the caregiver psychosocial well-being 44 are not supported by this systematic review, although further work is needed with better longitudinal and case-matched studies. Consensus on the best scales to measure QoL and burden will also assist interpretation of results and reproducibility of data. Last, studying and implementing interventions to assist caregivers and improve their QoL will hopefully enable them to persist in their role and support the dialysis recipient in the long term.
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